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ABSTRACT 



In order to achieve in a sandwich structural part 26 
having a honeycomb-shaped support core 20 curved in 
tension-free condition, which is composed of individu- 
ally hardened bonded-fiber profile pieces 10, a uniform 
form stability and a large surface preciseness over a 
wide temperature range, the individual bonded-fiber 
profile pieces are constructed tapering in a longitudinal 
direction of the profile and are octagonal in cross sec- 
tion and the profile walls 16.1, 16^ of each profile piece 
are positioned substantially perpendicularly with re- 
spect to the local tangential plane T of the curved sup- 
port-core surface and are exposed alternately peripher- 
ally of the profile and, with the mutually facing sur- 
faces, are intended as a defined adhesion surface for a 
bonding agent 22 for effecting a coupling to an adjacent 
profile piece. 

10 Claims, 2 Drawing Sheets 
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SANDWICH STRUCTURAL PART 

This application is a continuation of U.S. Sex. No. 
927,291, filed Nov, 4, 1986, now abandoned. 5 

FIELD OF THE INVENTION 

The invention relates to a sandwich structural part 
having an upper and a lower cover layer between 
which is located a honeycomb shaped member. 10 

BACKGROUND OF THE INVENTION 

Known sandwich structural parts of this type (Ger- 
man OS 33 15 246 corresponding to U.S. Pat, No. 
4,578,303) having a honeycomb-shaped support core 15 
with a curved surface contour glued tension-free be- 
tween the cover layers, which support core consists of * 
individtially hardened bonded-fiber pipe pieces glued 
together in a parallel arrangement, are particularly 
suited in cases where, aside from its own weight which 20 
. is low with reference to the stiffness characteristic, an 
exact high-grade contour and stable form of the struc- 
tural part surface during temperature variations are 
important. Such a tise is, for example, a radio telescope 
mirror of more than 10 m. in diameter> which is com- 25 
posed of several sandwich structural parts each forming 
a parabolic mirror segment, which must maintain xmder 
significant temperature differences a uniform degree of 
high surface exactness. Due to the anisotropic heat 
expansion and solidity characteristics of the bonded- 30 
fiber pipe pieces and their linelike bonding to one an- 
other without a defined adhesion surface, it is possible in 
these known sandwich structural parts for an incom- 
plete material utilization and local distortions of the 
structural part surface to result which, even though of a 33 
very small order of magnitude, do not meet the strict 
demands for example placed on the mentioned mirror 
segments. 

Sandwich structural parts with a hexagonal alumi- 
num honeycomb core are furthermore known, which 40 
core must be elastically deformed corresponding to the 
curvature of the structural part and must be glued under 
inherent tension between the cover layers in order to 
maintain its honeycomb webs each perpendicular with 
respect to the local structural part curvature, and fur- 45 
thermore has a honeycomb core structure nonuniform 
in longitudinal and width direction of the structural 
part. The surface exactness of such sandwich structural 
parts at greater temperatiire differences is low in com- 
parison to the very narrow tolerances (approximately 1 50 
ftm) peimitted in the mentioned cases. 

The purpose of the invention is to provide a sandwich 
structural part such that a very high surface exactness 
and stability of shape over a wide temperature range 
can be achieved. 55 

The bonded-fiber hollow profile pieces of the support 
core are, in the inventive sandwich structural part, each 
individually pyramidally preformed and hardened such 
that the profile walls of each profile piece in the support 
core extend substantially perpendicularly with respect 60 
to the curved surface. The support core forms a honey- 
comb-shaped bonded-fiber structure curved without 
any elastic deformation with a heat expansion and solid- 
ity behavior which is quasihomogeneous in the thick- 
ness direction of the structtiral part, so that the demand 65 
for the highest surface exactness (approximately 1 p,m) 
over a wide temperature range (for example —50* to 
-hlOO* C.) can be fully met 



In view of a further comparison of the solidity char- 
acteristic and heat expansion behavior of the honey- 
comb-shaped bonded-fiber structure, all hollow profile 
pieces are constructed of the same length, thus the 
cover layers are equally spaced from one another by the 
support, and the individual adhesion areas between the 
profile pieces have also at the same time over the entire 
support core the same dimensions in thickness direction 
of the structural part. 

The thermal stability of the shape and surface preci- 
sion of the sandwich structural part is also clearly im- 
proved: The individual bonded-fiber hollow profile 
pieces are connected to the adjacent profile pieces each 
through defined, flat adhesion surfaces, between which 
in each case is provided a free profile wall provided 
with openings for facilitating ventilation of the honey- 
comb structure, with the characteristic that the honey- 
comb structure, due to the special form and arrange- 
ment of the surface for the adhesive bonding of the 
profile pieces, does not have a preferred direction, but 
has a completely symmetrical design in both the longi- 
tudinal and width directions. This guarantees a defined, 
uniform heat expansion of the honeycomb structure and 
a high-grade stability m the shape of the structural part 
surface over a wide temperature range. 

In view of a single-part production of the profile 
pieces, which production is favorable with respect to 
manufacture and at the same time is suitable with re- 
spect to load and material, these are manufactured pref- 
erably through a winding method having a crossing 
fiber arrangement, whereby the profile walls in a fur- 
ther development are provided right away, during the 
winding operation through a suitable placement of the 
reinforcing thread, with openings needed for facilitating 
the ventilation of the honeycomb structure. For a sin- 
gle-part production of both pyramidally tapered and 
also octagonal bonded-fiber honeycombs, the winding 
mandrel is advantageously utilized. If the cover layers, 
for example in the above-mentioned case of a radio 
telescope mirror, are manufactured of ceramic material, 
then it is advisable to wind the individual bonded-fiber 
honeycomb forming members of carbon fibers, 
whereby the fiber orientation is chosen such that the 
thermal expansion coefficient of the honeycomb profile 
pieces corresponds with the thermal expansion coeffici- 
ent of the ceramic material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described exemplarily with 
reference to the drawings, in which: 

FIG. 1 schematically illustrates a conically tapered 
winding mandrel, octagonal in cross section, for the 
manufacture of a bonded-fiber hollow profile piece 
having a profile wall built of several wound layers 

FIGS. 2a and 2b are a top view and a longitudinal 
cross-sectional view, respectively, of the profile piece 
according to FIG. 1; 

FIG. 3 is a bonded array of several individual profile 
pieces forming a honeycombed support core; 

FIG. 4 is a partial perspective illustration of a support 
core composed of individual honeycomb forming mem- 
bers in the form of a pyramidally tapered, octagonal 
hollow profile pieces, said support core having a thrce- 
dimensionally curved surface contour; and 

FIG. 3 is a partial cross-sectional view of a sandwich 
structural pan with the support core according to FIG. 
4. 
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^ spaced equally from each other over the entire support 

DETAILED DESCRIPTION 20. The profile walls 16 and the flat bonding agent 

tudinal direction of the profile. FIG. 1 indicates a three- 15 rial. * 

SytiaS^ cons^^^^ with an inner wound layer Although a P^<=^^ P^^^™^^^^^^^^ 

U^^^vnndmg angle of almost 90* with respect to invention has been disclosed in detail for illustrattve 

^X^Vl^Xd^f^. a middle wound layer 14 purposes, it wUl be recognized that vanations or modifi- 

S a Sg a^^^ of ±30% and an outer wound cations of the disclosed apparatus, mcludmg the r^- 

S^iot^ustrated) h a winding angle of also 20 rangement of parts, lie withm the scope of the present 

^^FKHthlL^ fi^^ that the winding mandrel T^e embodiments of the invention in which an exclu- 
2 is wound with a nonuniform thread density, that is, sive property or privilege is claimed are defined as 
cans are maintained between the thread windings which follows: _ 
otherwise lie closely side-by-side. so that after the hard- 25 1. In a sandwich structural part composing an upper 
ening and umnolding of the hoUow profile piece 10, and a lower cover layer and a honeycomb-shaped sup- 
there remains a plurality of open areas in the form of port core with a curved surface contour glued between 
fine openings 18 substantially evenly distributed in the said cover layers in a tension-free condih^^^^ which 
profilers 16 (FIG. 2b). support core is composed of a plurabty of mdividimUy 
A support core 20 is composed, according to HG. 3, 30 hardened and upnght profile pieces made of a bonded- 
of similar profile pieces 10 which have been individu- fiber material, which profile pieces arc bonded together 
aUy premanufactured in this manner. The support core by a bonding agent, the improvement compnsmg 
20 has a design which is completely symmetrical in the wherein said profile pieces are hollow and are premanu- 
longitudinal aad width directions, whereby each hoi- factured. tapering in longitudinal direction of said hol- 
low profile piece 10 fonns a single complete octagonal 35 low profile piece, each hollow profile piece havmg 
honeycomb forming member, which is connected to the plural profile walls, each cxtcndmg substanUaDy pcr- 
adjacent honeycomb forming members through mutu- pendicularly with respect to a local tangential plane of 
aUy facing flat surfaces and bonding agent 22. The outer the curved surface contour of the support-core, 
sides of the four profile walls 16.1 of each profile piece wherein said hoUow profile pieces are octagonal m 
10 are intended as defined large adhesion surfaces for 40 cross section, said profile walls thereof m said support 
the bonding agent 22, while the remaining four profile core being alternately free of connection to an adjacent 
walls 16,2, which alternately occur in peripheral direc- profile piece and adhesively secured to an adjacent 
tion around the profile piece 10 with respect to the profile piece through mutually facmg flat surfaces, so 
profile walls 16.1, are kept free. The exposed profile that the mutuaUy adjacent profile walls that are free of 
walls 16J, through which nonblocked openings 18 45 connection define spaces. 

extend, define with their outer sides spaces 24 which are 2. A sandwich structural part according to clmm 1, 

square in cross section. The outer sides of the profile wherein the length of said hollow profile pieces and said 

walls 16.2 of all individual honeycomb forming mem- bonding agent are substantially constant m dtfection of 

bers of the support core 20 are connected with one the structural part thickness over the entire support 
another. This assures an undisturbed pressure balance 50 core. 

or a ventilation of the entire honeycomb structure in the 3. A sandwich structural part according to claun 1, 
finished structural part. wherein said hollow profile pieces are manufactured 
FIG. 4 shows a partial perspective illustration of a with crossing fiber orientation during a winding pro- 
support core 20 composed of similar, pyramidally ta- cess. 

pered octagonal hollow profile pieces 10 forming a 55 4. A sandwich structural part according to claim 1, 

three-dimenaonally curved contour, namely, a partial wherein said hoUow profile pieces are wound with 

spherically shaped surface contour. Support cores hav- openings formed between reinforcing fibers, 

ing other surface contours are composed of hollow S. A sandwich structural part according to claim 1, 

profile pieces which do also have an octagonal cross wherein said hoUow profile pieces are manufactured 
section and the same profile length, however, have 60 with the help of a uniformly tapered wmdmg mandrel 

different cone angles. This means that winding man- having a regular octagonal winding mandrel cross sec- 

drels 2 are needed to manufacture the profile pieces 10, tion. 

the outer surfaces of which winding mandrels 2 are 6. A sandwich structural part according to claun 1, 

inclined at different angles with respect to the winding wherein said cover layers are manufactured of a ce- 
mandrel axis. 65 ramie material and said hollow profile pieces are manu- 

A sandwich structural part 26 is finished (FIG. S)by factured of a bonded carbon fiber material having a 

adhesively securing to the upper and the lower ends of fiber orientation adjusted to the thermal expansion coef- 

each profile piece 10 cover layers 28, 30. which are ficient of the ceramic material. 
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7. A sandwich structural part according to claim 1, 
wherein said mutually adjacent profile walls have open- 
ings therethrough. 

8. A sandwich structural part according to claim 1, 
wherein all profile walls have openings therethrough. 

9. In a sandwich structural part comprising an upper 
and a lower cover layer and a honeycomb-shaped sup- 
port core with a curved surface contour glued between 
said cover layers in a tension-free condition, which 
support core is composed of a plurality of individually 
hardened and upright profile pieces made of a bonded- 
fiber material, which profile pieces are bonded together 
by a bonding agent, the improvement comprising 
wherein said profile pieces are hollow and are premanu- 
&ctured, tapering in longitudinal direction of said hol- 
low profile piece^ each hollow profile piece having 
profile walls extending substantially perpendicularly 



with respect to a local tangential plane of the curved 
surface contour of the support core. 

10. In a sandwich structural part comprising an upper 
and a lower cover layer and a honeycomb-shaped sup- 
5 port core between said cover layers, which support 
core is composed of a plurality of individually hardened 
and upright profile pieces made of a bonded-fiber mate- 
rial, which profile pieces are bonded together by a 
bonding agent, the improvement comprising wherein 
10 said profile pieces are hollow and are premanufactured, 
being octagonal in cross section, said profile walls 
_ ^thereof in said suppojt cpre being alternately free of 
connection to an adjacent profile piece and adhesively 
secured to an adjacent profile piece through mutually 
15 facing flat surfaces, so that the mutually adjacent profile 

walls that are free of connection define spaces. 
* « * « « 
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